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Motivation
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Introduction
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HERA data: gluon density of the photon

O HI1 1993 (dijet events)
® H1 1994 (high p, track events)
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Behavior of the exchanged photon: Bare photon state,
Hadronic photon state

Photon can be superposition of above states! (r=E/M?)
The “internal structure” of photons is a manifestation of
quantum fluctuations: Photon splits into parton content
We measure the photon structure in photoproduction:
Low Q? events

Unpolarized photon structure:
arXi1v:9504004, arXiv:9710018, Eur. Phys. J. C 10, 363-372

(1999), DESY 97-164
Polarized photon structure: (critical input for ILC Yy option)

Experiment: no data

Theory: Z. Phys. C 74, 641—650 (1997) and arXiv:971125

x, is defined as the momentum fraction of the parton from the photon
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Dijet in resolved/direct process

e

Q|
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PGF: Di-jet produced

hadron level

Jet | Def"

jet 1 jet 2

4

© = “Direct process” category
v = Point-like photon(no substructure)
q\d "X, 1s close to 1
/9 = “Resolved process” category
“ = Hadronic photon
P \J " X, is smaller than 1

= Di-jet pr ion
Similar with pp collision D jetp oductio

= Separate di-jet produced in resolved and direct processes, to get
clear resolved process
= Reconstruct x, by using di-jet as observables:
= 'Two jets with highest pr
= Parton densities in the photon can be extracted by measuring
di-jet cross section

rec 1 - -1,
Xy :Fey(pme "+ pre™)
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Simulation confronted with data

input

Kinematics cuts from HERA:

27.5GeVx820GeV, 0.2<y<0.83, | A 7ies| <1, 0< 77ietl+ pp/e2<4

EietlT, Ejet2T>7.5 GeV , EjetlT+Ejet2T>20GeV, | EjetlT_Ejet2T| /(Ejet1T+Ejet2T)<0.25

] 100 107 [Eur.Phys.J. 1998C1:97-107]
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Our simulation can match the existing data perfectly
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EIC Advantages

hadrons < electrons

| = pythia events with electron
10 3 ) reconstructed in the tagger
— I
> B
B 1g4
=107 " acceptance for electrons down to
C Q2~1x10-5 GeV?
- 10
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Photon structure at EIC

= Statistic description

1. Basic parameters 2. Di-jet produced in ep collision through
hard scattering
£ lved E
c [ Resolved process ]
Ee 20 GeV :
Ep 250 GeV 10°F
Q? <1 i
10°
X 10° — 0.99 3
Proton PDF set CTEQS 102'5
Photon PDF set GRV 10" 1
Q% [GeV?]
Resolved process Direct process: QCDC, PGF
qq - qq v:d = dg
q qbar - q qbar v.d = ag
CTEQ5 shows the best description of g G{ba; j 88( \ V18 3 q qlgar
. ar
cross section at low Q? gg ggq qbga? € Yie=4q49
g8 > g8
79% 21%
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Kinematics cuts for di-jet methods

Di-jet cut:
1. Two highest p, p€>5GeV, p2°>4.5GeV

. . . 3
2. Inside the jet, stable particle p>250MeV T e e e
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trig
TlLAB
10
= At positive 1,5, especially 1,,, >2 , the cross
1 section 1s dominated by resolved process
= n“*, distribution of associate jet shows the
10" same result
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Unpolarized photon structure

input
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Parton-jet match

In PYTHIA, beamparton, tgtparton
e :

v Remnant

. beamparton—> q q Final S
initial { _ two .
partons | tgtparton—s> q,/ partons fragmentation
Remnant

P V

As we have known how to separate “direct” and “resolved” process, then we measure jet
kinematics in resolved process

Basic info about resolved process and how to tag di-jet back to two final partons

“Path” to do parton-jet match:
= beamparton - one final parton - one jet of di-jet ==) Jet from photon side
" totparton - another final parton - another jet of di-jet =) Jet from proton side
" Geometric match AR{parton — jet} = \| A9> + Ay’

AE{parton — jet}
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Photon side jet and proton side jet
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Flavor tagging

Di-jet, trigger jet pt > 5 GeV, associate jet pt > 4.5 GeV ~ ———=a» Leading charged hadron inside
Photon side jet
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1. py fraction: no cut ijet

pr fraction: >0.4
3. py fraction: >0.7
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Flavor tagging

Di-jet, trigger jet pt > 5 GeV, associate jet pt > 4.5 GeV ~ ———=a» Leading charged hadron inside
Photon side jet

fraction

fraction

Beamparton is s quark

1
0.9
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0

1] no cut
[ pt fraction>0.4
[ pt fraction>0.7

Tl:+ K+ p+
hadron ID

Beamparton is sbar quark

n+ K+ p+
hadron ID

fraction

fraction

Beamparton is d quark

Beamparton is dbar quark

T T K* p*
hadron ID

»
| iotedy ,  rerel T
P K n [ |K* p*
hadron ID
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Beamparton is u quark

n+ K+ p+
hadron ID

Beamparton is ubar quark

n— nq. K-I- p+
hadron ID




Polarized photon PDFs



Polarized photon PDFs

Based on the unpolarized data from PYTHIA, we add a weight on an event-by-event basis just
in analysis code to make it polarized.

» In resolved process, For each event, ab ——> cd process, the weight is calculated as:

A A A A 4 X 2 A N X 2 the input pOl
w=a(s,t,u*,0°)e f;’ ( “"uz ) ffi,( b9l~‘2 ) photon and
fa (xaau ) f;; (xb’:u ) proton PDFs, we

can get delta

AN AN A A

as,t,u?) = AG/(20)

TP

Hard subprocess Unplo photon PDFs and Unpol proton PDFs,
asymmetry depending on the from LHAPDF to get the unpol photon PDFs

type of the 2-2 process, the
parton kinematics described

by Mandelstam variables and Histogram ->Fill(variable, weight)
photon virtuality.
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PYTHIA simulation

AAA i 2 N 2
w=a(s,t,pu*,0%)e Af;* (xa,uz : ° Aleif (xb,uz )
ﬂ (xa9l’t ) f;) (xb9u )

Q2 10°-1
Proton PDFs CTEQ 5M
Photon PDFs GRV-NLO

Polarized photon PDF(delta f_a)

Minimal polarization AfY (x,,1u*)=0
Maximal polarization AfY (x, 1) = f7 (x,, 1)

Polarized proton PDF(delta f_b) DSSV
UnPolarized photon PDF(f_a) LHAPDF CTEQ 5m

UnPolarized proton PDF(f_b) LHAPDF GRV-NLO
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Hard process Asymmetry
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a(s,t ,u ) = AO'/(ZO')

S=(p,+p,)t=(p,— p)su=(p,—p,)
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AfY (x,,1%)

e Depending on tlavor
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Afay* (xa 9!”’2)

e Depending on flavor
¥ 2 N 2
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Polarized cross

section
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The simulation shows the capability to
measure the cross section for di-jet
production, with high accuracy in a wide
kinematic range at EIC

First measurement of polarized photon
PDFs with high precision

Flavor tagging can also be applied in
polarized case
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Summary

In resolved processes, photon has a hadronic structure

» Di-jet produced in resolved and direct process can be well separated at EIC

Photon PDFs can be extracted by reconstructing X,
» x™ is correlated with input X,

» We can effectively access the undertlying photon PDFs by measuring di-jet cross
section in quasi-real photoproduction at EIC

Jet from photon side goes more to negative rapidity

» Distinguish jets from beam side and target side

Flavor tagging can be achieved
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counts

10°

10*

backup

TgtPartonMatch

Entries 272861

E Mean 0.985
L RMS 0.119
L 0.31%

_l 1 1 1 I 1 1 1 1 1 1 1 1 | 1 1 1 1 I 1 1 1 1 | 1 1 1 1 1 1 1 1 | 1 1 1 1

-1 -0.5 0 0.5 1 1.5 2 25 3

tgtparton==index 11

counts

10°

10*

BeamPartonMatch
= Entries 2728612
- Mean 0.9855
L RMS 0.1194
— 0.31%
—l 11 1 I 1 1 1 1 11 1 1 I 0 I T - I N I I l 11 1 1 11 1 1 I 11 1 1
1 -0.5 0.5 1.5 2.5 3

beamparton==index 10

Flavor match: beamparton —index 9
tgtparton —index 10
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How to match di-jet
with two final partons

Geometric match:
AR{parton — jet} = \/Aqbz +An’
AE{parton — jet}

7)) frard 10 T T T T ]
£ O —.
8 S 6 3 o 102
2 4 =
T2 3
% 0 3 510
o -2 - 3
W -4 —E .
< 6 _;I
-8 = 1
B e R s T
A R{parton-PhotondJet}
beamparton ] v match
) (WO Nl ) Dicjet
partons
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counts

counts

separation

Di-hadron method If we choose different x™, cut, how well can
A0 e i we separate resolved/direct processes:
1.6 F — resolved 3
1.4; — direct _; Z§ 1 :_ . _:
3 S F Di-jet 1
F E - 0.95 ' H
0.8F = = E E
0.6f ] 09| =
0.4F = - .
0:2f E 0.85fF e
00 01 02 03 04 05 06 07 0.8 09 1 E E
b b - 0.8 =
Di-jet method o075 Di-hadron E
soo; 0.7 :_ _:
500 - " ) < 10 © N © )
aoof g v 3§ 35 F §F §F §F 7
F x * * * * * * < *
300;
200;
100f * Small x™,: mainly resolved contribution
of * Large x™,: mainly direct contribution

0 010203040506070809 1
xrec

Di-jet method shows better separation of resolved and direct photon
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Quark jet and gluon jet

Jet profile: <K
Jjet

Ejet $|§ SARRE RASAN RARSARSARS AR AR AR AL R A
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 Quark jet is more collimated than gluon jet R cut

» Choose a R cut with maximum difference value of jet profile, give possibility of
types of jets



trig
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do/dn !
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1, 45 SEParation

Di-hadron method Di-jet method

X“'O?"'l I I I I -~ '>'<'1'0'3'I""I""I""I'"'l""l""l""l""
- — resolved = Q 35p =
;——direct —; o @ 3;_ _;
C - ug—l C ]
3 E T 25F =
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E L . 3 o E
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trig trig

N A NLag

For both methods:
> - At positive 1n,4;, especially 11,,; >2 , the cross section is dominated by
resolved process.

n“*, ., distribution of associate hadron/jet shows the same results



